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The effects of 12-o-tetradecanoylphorbol-13-acetate (TPA) on isometric tension, unloaded shortening velocity determined using the slack test (V^J, and phosphorylation of myosin light chain (MLC M ) were investigated in intact and skinned muscle tissues of the rabbit mesenteric artery. In intact muscles exposed to 128 mM K + , the V^ reached a maximum before the peak of the phasic component of contraction and reduced proportionally with changes in the amplitude of the subsequent tonic-contraction. TPA (0.1 f*M) enhanced to a greater extent the amplitude of the tonic than the phasic contraction. During the tonic phase, TPA enhanced the Vmu and amplitude of the contraction more than the phosphorylation of MLC M . In skinned muscles, Ca 2+ W hen the cytosolic concentration of Ca 2+ is increased in smooth muscle, Ca 2+ binds to calmodulin, myosin light chain kinase is activated, and phosphorylation of the myosin light chain (20 kDa proteins of myosin light chain; MLC20) is triggered. These processes result in initiation of cross-bridge cycling and contraction. 1 There is a positive correlation between the phosphorylation of MLC20 and the isotonic shortening velocity in intact and skinned vascular smooth muscles. 1 However, factors other than phosphorylation of MLC20 or phosphorylation at an alternative site may be involved in regulation of the shortening velocity in smooth muscles. 23 Aksoy et aH showed that the maintenance of contraction is associated with a reduction in isotonic shortening velocity and in phosphorylation of MLC20 and the concept of a "latch-mechanism" has been introduced to explain this phenomenon. Whether or not a phosphorylationdependent mechanism is solely responsible for the regulation of cross-bridge cycling and contraction in the presence of Ca 2+ has remained unknown. Protein kinase C has multiple actions in various cells. This kinase is present in vascular smooth muscles and is activated by 1,2-diacylglycerol, a product of the hydrolysis of phosphatidylinositol 4,5-bisphosphate. 5 A phorbol ester, 12-otetradecanoylphorbol-I3-acetate (TPA), a potent tumor-promoter and activator of protein kinase C, 6 enhances high-K + -induced contractions in vascular smooth muscle tissues with little change in the cytosolic concentration of Ca 2+ . 7 Chatterjee and Tejada 8 noted that phorbol 12,13-didecanoate, another activator of protein kinase C, dosedependently enhances Ca 2+ -induced contractions in skinned porcine carotid artery with a slight increase in the phosphorylation of MLC^-In contrast, Nishikawa et al 9 and Inagaki et al 10 reported that protein kinase C inhibits the actin-activated ATPase in heavy meromyosin and phosphorylates the myosin light chain of smooth muscle cells, actions of which tend to relax precontracted tissues.
In the present experiments, we attempted to clarify the mechanism by which protein kinase C enhances K + -induced mechanical changes in intact muscle strips and Ca 2+ -induced contractions in skinned muscle strips of the rabbit mesenteric artery. For this purpose, the relation between force (isometric tension) and maximum shortening velocity (VraJ measured under unloaded conditions using the "slack test" 11 or phosphorylation of MLC M were investigated in the presence or absence of TPA.
Materials and Methods

Preparation
Male albino rabbits (1.8-2.2 kg) were anesthetized by sodium pentobarbitaJ (40 mg/kg i.v.) and exsanguinated. The mesenteric artery (about 1 mm in diameter) was isolated, and connective tissues were carefully removed in a dissecting chamber under a binocular microscope with fine forceps and small blades made from pieces of razor blades. To measure the extent of phosphorylation of MLC M , longitudinally cut strips 12-15 mm long, 2-3 mm wide, and 0.05-0.08 mm thick were used. For the tension recordings, circularly cut small muscle strips (2-3 mm long, 0.10-0.12 mm wide, and 0.05-0.08 mm thick) were prepared with the same type of small blades. Thus, the surface dimension differed in the two muscle preparations, but the thickness was the same. The length, width, and thickness of the preparation were measured with an inverted microscope at x 250 magnification and a calibrated scale. The transverse cross-sectional area was calculated based on the assumption of a rectangular cross-section.
Solutions
The Krebs' solution used contained (mM) Na + 137, K + 5,9, Mg 2+ 1.2, Ca 2+ 2.6, HCOj" 15.5, H 2 P(V 1.2, Cl" 134, and glucose 11.5. High-K + solution was prepared by replacing sodium chloride with potassium chloride, isosmotically. To suppress sympathetic nerve activity, 0.1 /xM tetrodotoxin and 3 ^.M guanethidine were added to the Krebs' solution throughout the experiments on the intact muscle preparations.
For the experiments on skinned muscles, the following relaxing solution was used (mM): Kmethanesulfonate 110, Mg-methanesulfonate2 5.1, Na 2 ATP 5.2, ethyleneglycol-bis-(/J-aminoethyl ether)-N,N,N',N'-letraacetic acid (EGTA; Dojin, Kumanoto, Japan) 4, piperazine-/V,N'-bis-(2-ethanesulfonic acid) (PIPES; Dojin) 20, and the pH was adjusted to 6.8 with KOH at 25° C. Solutions of desired Ca 2+ concentration were prepared by adding appropriate amounts of Ca-methanesulfonate2 to the relaxing solution. Ionic strength was adjusted to 0.17 M in all solutions by adding or decreasing the concentration of K-methanesulfonate. To prevent deterioration of the Ca 2+ -induced contraction, 0.1 /uM calmodulin was present throughout the experiment.
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Free ion concentrations of solutions were obtained by making use of the following multi-equilibrium equations and the association constants 13 ension and Measurements Muscle strips were transferred to a chamber (capacity, 0.6 ml) filled with Krebs' solution and were mounted horizontally by tying both ends with thin silk thread and attaching these between a force transducer (AE801, Aksjeselskapet MikroElektronikk, Horten, Norway) and an arm attached to a motor (G120D, General Scanning, Watertown, Massachusetts) controlled by an amplifier (CX-660, General Scanning). The force transducer was provided with a tungsten rod (10 mm in length, 0.3 mm in diameter), and the resonance frequency was 240 Hz. The position of the arm attached to the scanner and the range of movement of the tip to which one end of the muscle strip was attached were calibrated under a microscope before each experiment. At the same time, the position signal from the motor was monitored on a storage oscilloscope (VP-5701 A, Matsushita Communication Industrial, Tokyo) or a recticorder (RJG-3014, Nihon Kohden, Tokyo). The length change of the muscle strip was calculated from the position signal of the motor via the control amplifier. Length steps of adjustable amplitude could be completed within 1 msec when a square wave was supplied to the control amplifier from a stimulator (SEN 7203, Nihon Kohden). Force development (tension) was monitored on the storage oscilloscope or the recticorder and recorded on a digitized transient memory (TMR-120, Kawasaki Electronica, Tokyo). The record sampling time of the transient memory was 1,000/sec. Digitized records were stored and analyzed using a microcomputer (PC-9801VM2, Nihon Electric).
The initial length (Lo) of muscle strips (1.8-2.4 mm between silk threads) was adjusted to obtain optimal isometric force development and was about 1.1 times the completely slack length. Since the force transducer was sensitive to light, the force transducer, chamber, and additional facilities were enclosed in a black box to prevent baseline fluctu- ations. Solutions could be replaced by flushing one end of the chamber within 1 second with a syringe and siphoning off simultaneously from the other end with a water pump. All experiments were performed at room temperature (20°-23° C). The shortening velocity under zero level was determined with the "slack test" procedure." In intact muscle strips, a series of "slack tests" was performed using the following protocol. A rapid decrease in muscle length was imposed on the strip after application of high-K + solution and the time from length decrease to force redevelopment (AT) was measured. AT was determined from the digitized data as described by Arner and Hellstrand. 17 The muscle strip was then relaxed by replacement of the high-K + with Krebs' solution and restretched to the initial length, L o . The same procedure was repeated using different length steps (AL). As shown in Figure 1 , the relation between AT and AL was linear in the range of AT from 0.1 to 1.0 seconds. The intercept of the line on the y axis is about 0.118 Lo.
To prepare the skinned muscle strips, the strips were suspended in relaxing solution containing 3 /iM A2187 for 10 minutes to deplete the Ca 2+ stored in cells and then skinned with saponin (25 fig/m\) for 20 minutes. 713 The following protocol was used for the "slack test." A contraction was initiated by application of any desired concentration of Ca 2+ . After the tension had reached a plateau level, the strip was slackened to measure AT. When the strip was then slowly restretched to the Lo, 2 minutes was required to reach a tension level identical to that which had developed before the slackening procedure. This slack test was imposed every 3-4 minutes on a single contraction to determine the shortening velocity under unloaded conditions. The relation between AT and AL was also linear in any tested concentration of Ca 2+ (0.3-100 fiM). Therefore, the V^ was calculated from the slope of the relation between AL and AT and the immediate elastic recoil was estimated from the Y intercept of this line, which was fitted to the data using the least-squares method. Data from experiments in which the coefficient of correlation between AL and AT was less than 0.9 were excluded from analysis. 20 Intact and skinned muscle strips were used to investigate the phosphorylation of MLC20. Intact smooth muscle strips were supervised in Krebs' solution for 30 minutes with or without 0.1 /xM TPA. Some were then rapidly frozen in liquid nitrogen. Other strips were perfused with a solution containing 128 mM K + in the presence or absence of 0.1 ^iM TPA for the desired time and then rapidly frozen in liquid nitrogen. To measure the phosphorylation of MLC M from skinned muscle tissues, the strips were prepared as described previously. 713 These skinned strips were suspended in a solution containing various concentrations of Ca 2+ for 15 minutes, in the presence or absence of a solution containing 0.1 fiM TPA with 50 /xg/ml phosphatidylserine for 15-120 minutes (mainly 90 minutes), respectively, then were rapidly frozen in liquid nitrogen.
Measurement of Phosphorylation of MLC
Both frozen intact and skinned muscle strips were placed in acetone-dry ice and allowed to reach room temperature. They were then homogenized in a lysing solution of the following composition; 1% sodium dodecyl sulfate, 10% glycerol, and 20 mM dithiothreitol, adjusted to pH 7 with Tris. Twodimensional gel electrophoresis involving isoelectric focusing in the first dimension and sodium dodecyl sulfate electrophoresis in the second dimension, as developed by O'Farrell, 18 was used to resolve the phosphorylation of MLC M . 19 The gels were stained overnight with 0.2% Coomassie Brilliant Blue R-250, 50% methanol, and 12% trichloroacetic acid, and then destained with 10% methanol, 7% acetic acid, and 0.85% phosphoric acid. Stained MLC M was found in the first, second, third, and fourth spots from the higher to lower pi values as described by Satoh et al. 20 The intensities of these spots were measured with a chromatography densitometer equipped with an automatic integrator (CS-910, Shimadzu). Since the intensities of spots 3 and 4 were low and the nature of the constituent proteins has not yet been clarified, MLC20 phosphorylation was expressed as the ratio of the second spot area at 
Drugs
The chemicals used were 12-o-tetradecanoylphorbol-13-acetate (TPA), adenosine 5'-triphosphate (ATP), and tetrodotoxin (TTX; Sigma Chemical, St. Louis, Missouri), phosphatidylserine (PS, beef brain, Serdary Research Laboratories), guanethidine (Tokyo Kasei), KH 2 PO 4 (Wako Pharmac), saponin (ICN Pharmaceuticals, Costa Mesa, California), ethylenegtycol-bis-03-aminoethylether)-A/,./V,Ar ) Artetraacetic acid (EGTA; Dojin), A23187 (free acid; Calbiochem-Behringe) and calmodulin (bovine brain extract; kindly provided by Dr. M. Hirata, Kyushu University). The water used in this study was glass double distilled, and all other chemicals were of the highest reagent grade.
Statistics
The measured values were expressed as the mean±SD and the number of observations. The statistical significance was assessed using Student's / test for paired or unpaired values. Values of p<0.05 were considered significant. Figure 2A shows time-dependent changes in force development and V^ in the presence of 128 mM K + . In rabbit mesenteric artery, 128 mM K + produced an initial large phasic contraction and a subsequent small tonic response (the amplitude of the tonic contraction was 0.21 ±0.06 times the phasic one, n = 5). As the contraction evoked by 128 mM K + changed with time, the "slack test" was applied once to each contraction at the desired time (see "Materials and Methods"). On application of 128 mM K + , V,î ncreased in a time-dependent manner and reached a peak before the force attained a maximum amplitude. V^ decayed in parallel with the decay of tension (Figure 2A) (n = 5) at 10 seconds after exposure to K + , and the relative force was 0.79 ±0.09 times the peak amplitude (n = 5; the peak amplitude was 53.7 ±9.8 KN/m 2 [n = 10] and was normalized as 1.0).
Results
Effects of High K + on V^ and MLCP hosphorylation in Intact Muscles in the Presence and Absence of TPA
To investigate the relation between force and Vna,, both parameters were measured in the presence of various concentrations of K + . As shown in Figure 3 , isometric tension and V^ were increased in proportion to the increase in K + concentration (37 mM, 47 mM, and 128 mM). The relation between force and V^ was linear. Since high-K + -induced contractions are thought to be caused by an increase in the voltage dependent Ca 2+ -influx, 2122 these results suggest that the V^ in rabbit mesenteric artery may be regulated by the intracellular concentration of Ca 2+ . In foregoing studies, TPA enhanced the amplitude of contraction induced by high K + with no significant change in intracellular Ca 2+ concentrations in intact muscles or in the contraction induced by Ca 2+ in skinned muscles. 7 Thus, the effects of TPA on the relation between the force and V^, in the presence of high-K + were investigated. Measurements of V^ were performed between 20 and 50 minutes after application of 0.1 AAM TPA since the effects of TPA are time-dependent.
7 TPA (0.1 AIM) gradually enhanced the resting tone in the presence of 3 /AM guanethidine and 0.1 AIM TTX (not shown). When 37 mM K + was applied to the muscle in the presence of 0.1 /AM TPA, the force and V^j, increased to 1.25 times and 1.35 times the control, respectively (the values in the absence of 0.1 AIM TPA were normalized as 1.0, respectively). The presence of TPA in 37 mM K + did not seem to modify the relation between force and V^ obtained in the absence of TPA, that is, the relation observed in 37 mM K + shifted in the presence of 0.1 AAM TPA toward that observed in 47 mM K + in the absence of TPA. When 128 mM K + was applied to muscle strips in the presence of 0.1 /AM TPA, the shape of the contraction became monophasic and the force was enhanced (1.22 ±0.20 times the control, n = 5). As shown in Figure 2B , the V^ observed at the peak of the contraction evoked by 128 mM K + remained the same but was maintained for 3 minutes (at 30 seconds after application of 128 mM K + in the presence of 0.1 /AM TPA, the V^ was 0.127 ±0.032 Lo/sec, n = 5, and at 3 minutes, it was 0.117 ± 0.043 L 0 /sec, n = S).
As shown in Figures 2A and 2B , phosphorylation of MLC20 w a s measured immediately after the tension had reached a peak amplitude (15 seconds in the control and 30 seconds after application of TPA) and 3 minutes after application of 128 mM K + . The extent of MLC M phosphorylation measured in Krebs' solution in the presence or absence of 0.1 AAM TPA was much the same (0.09 ±0.01 or 0.08 ±0.01 mol P-MLCVmol MLC*,, respectively, n = 3). In the absence of TPA, phosphorylations of MLC W measured 15 seconds and 3 minutes after application of 128 mM K + were 0.72±0.06 (n = 3) and 0.17 ±0.07 mol P-MLCVmol MLC 20 (n = 6), respectively. In the presence of TPA, these amounts were changed to 0.72 ±0.04 (30 seconds, « = 3) and 0.28 ±0.04 mol P-MLCVmol MLC OT (3 minutes, n = l). However, in the presence of TPA, the force and V,,^ measured 30 seconds and 3 minutes after application of 128 mM K + remained the same. These results suggest that TPA enhances the force and V^, during the tonic stage of the K + -induced contraction with a slight enhancement of the phosphorylation of MLC W .
Relation Between Amplitude of Contraction, V^, and Phosphorylation ofMLC^ in Various Ca* +
Concentrations in Skinned Muscles
With application of Ca 2+ (greater than 0.1 /AM), a dose-dependent contraction developed with a maximum amplitude at 10 AAM Ca 2+ (68.2 ±9.6 KN/m 2 , n = 5 and 1.27 times the maximum amplitude of the contraction induced by 128 mM K + in intact preparations, Figure 4A ). The phosphorylation of MLC a observed in the relaxing solution was 0.05 ± 0.03 mol P-MLC2o/mol MLC M (n = 5), and was linearly enhanced by an increase in Ca 2+ concentrations (0.3-1 /AM). The maximum value of phosphorylation of MLCa, obtained in 10 AAM Ca 2+ was 0.62 ±0.08 mol P-MLCa/mol MLC20 (n = 5), but further increase in Ca 2+ to 100 /iM produced no further increase in MLQo phosphorylation (at 100 pM Ca 2+ ; 0.61 ±0.06 mol P-MlXVmol MLC^, n = 3).
Slack tests were applied at least three times on Ca 2+ -induced contractions after the contraction had reached a steady level (about 3 minutes after application of Ca 2+ ). The V^ was 0.017 ±0.002 Lj/sec (n = 5) in the presence of 0.3 ^.M Ca 2+ , and this value was increased by Ca 2+ in a dose-dependent manner ( Figure 4A conditions. 7 Thus, the effects of TPA on force and Vmu in 0.3 piM and 0.5 ^.M Ca 2+ were investigated. Since phosphatidylserine (PS) enhances the action of TPA on Ca 2+ -induced contractions in skinned muscles, 7 TPA was applied together with PS. After the Ca 2+ -induced contraction had reached a steady state, TPA (0.1 AIM) with PS (50 fig/m\ ) was added to the solution containing Ca 2+ . A time-dependent enhancement of the Ca 2+ -induced contractions occurred ( Figure 5 ). The time required to reach the maximum activation of TPA was shorter when the contraction was evoked by 0.5 ^tM Ca 2+ than it was 2 in the presence of 0.3 /xM Ca 2+ (in 0.5 /xM Ca 2+ , it was obtained after 60 minutes and in 0.3 JAM Ca 2+ , after 90 minutes). Conversely, the enhancement induced by TPA with phosphatidylserine on the amplitude of Ca 2+ -induced contractions was larger in the presence of 0.3 ^M Ca 2+ ( Figure 5A ). When V^j, was measured following contractions induced by 0.3 piM or 0.5 JAM Ca 2+ without application of TPA with phosphatidylserine, the V^,, values measured after about 10 minutes or 90 minutes application of Ca 2+ were identical (0.3 fiM Ca 2+ after 3-13 minutes: 0.017 ±0.003 IVsec; after 90-100 minutes: 0.017±0.002 LVsec, n = 3; in 0.5 tiM Ca 2+ after 3-13 minutes: 0.041 ±0.003 LVsec; after 90-100 minutes: 0.040±0.003 Lo/sec, respectively, n = 3). V,^ was then measured before and during application of 0.1 tiM TPA with 50 ^g/ml phosphatidylserine. TPA with phosphatidylserine enhanced V^ in proportion to the enhancement of the contraction evoked by Ca 2+ (0.3 /xM). With application of phosphatidylserine (50 tig/ml) alone, Ca 2+ -induced contractions and V max were not affected. When V^ was measured after the effects of TPA with phosphatidylserine on the Ca 2+ -induced contraction had reached a maximum, it was 0.026 ±0.006 Lo/sec after 90 minutes in the presence of 0.3 /iM Ca 2+ and was 0.045 ±0.002 Lo/sec after 60 minutes in the presence of 0.5 tiM Ca 2+ . These values were significantly greater than the appropriate The effects on skinned muscle strips of 0.1 /xM TPA with 50 /xg/ml phosphatidylserine on the relation between V^ and force, between force and MLQo phosphorylation, and between V^, and MLCa, phosphorylation were investigated when the solution contained 0.3 jiM or 0.5 ^iM Ca 2+ . As shown in Figure 6A , TPA with phosphatidylserine enhanced both the amplitude of the Ca When the slack test was applied during a 128 mM-K + -induced contraction in intact muscle strips or during a Ca 2+ -induced contraction in skinned muscle strips, the relation between AL (about 0.1-0.2 Lo) and AT (0.1-1.0 seconds) was linear. However, when a relatively small change in length was applied during generation of tension (stress), the relation between AT and AL was not linear when the duration of the unloaded shortening (AT) was less than 0.1 seconds as noted by Arner and Hellstrand.
17 Therefore, the V^ as estimated from the slope of the straight line under finite load conditions may be an underestimate. This might also explain the different values of immediate elastic recoil estimated from the AT/AL relation at AT = 0 under conditions of 0.3 /AM or 10 ^M Ca 2+ . However, the effects of Ca 2+ on V^ in smooth muscle can be considered, because the effects of Ca 2+ on the shortening velocity in skinned muscle were found by other investigators to be essentially unchanged after a quick release at a constant load at times ranging from 20 to 1,000 msec.
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In the Ca 2+ concentration range 0.3 to 10 /AM, isometric tension development in skinned muscle strips of the rabbit mesenteric artery increased in parallel with the level of MLC20 phosphorylation (but in the case of V^; 0.3-1.0 ^M). A further increase in Ca 2+ concentration to 100 ^.M had no effect on these parameters. Thus, the tension developed by Ca 2+ in skinned muscle may be regulated by a myosin phosphorylation-dependent mechanism within a certain range (approximately from 0.05 at rest to 0.6 mol P-MLCVmol MLC M at maximum activation).
In the rat portal vein, Hellstrand and Arner 23 noted that the shortening velocity at a constant load and the rate of ATP breakdown was increased as a function of pCa and the phosphorylation of MLCjoin the skinned muscles of the rabbit mesenteric artery used in the present study, the maximum value of W max was obtained in the presence of 1 fiM Ca 2+ , whereas the amplitude of force and the level of MLC M phosphorylation had not yet reached a maximum. Therefore, V^ could be regulated by a range of phosphorylation (0.05-0.5 mol P-MLCVmol MLC20) somewhat narrower than that observed for isometric tension development and phosphorylation. Protein kinase C is activated by TPA or phorbol 12,13-didecanoate in the presence of Ca 2+ and is dependent on acidic phospholipids. 5 Kanmura et al 23 reported that 1,2-diolein with phosphatidylserine had similar effects on the Ca 2+ -induced contractions. Furthermore, l-(5-isoquinolinesulphonyl)-2-methyl-piperazine, an inhibitor of protein kinase C, 26 inhibited these effects of TPA with phosphatidylserine or 1,2-diacylglycerol with phosphatidylserine. 27 Thus, the action of TPA observed in the present experiments is likely to result from the activation of protein kinase C.
In the present experiments on intact muscle tissues, a small amplitude of tonic contraction induced by 128 mM K + occurred after 3 minutes in parallel with changes in the V^ and phosphorylation of MLC M -Thus, the "latch mechanism" may not contribute toward formation of the tonic phase. TPA enhanced the force and V^ during the tonic phase of the 128 mM-K + -induced contraction but had relatively little effect on the phosphorylation of MLC M . Therefore, TPA with phosphatidylserine may increase the V,^ and force due to activations of myosin phosphorylation-dependent mechanisms and partly due to activations of other regulatory mechanisms. Since the V^ was increased by TPA with phosphatidylserine in parallel with force during the tonic phase, the TPA-induced enhancement may have not a causal relation with the "latch."
In skinned muscles, TPA with phosphatidylserine enhanced both the tension and V™, with no change in the relation between these two parameters, as observed in the absence of TPA. However, these agents shifted the relation obtained between the phosphorylation of MLC M and V^ or tension. Since the concentration of free Ca 2+ in the cytosol is buffered to a certain extent in skinned muscle tissues, changes in the force (tension) and V^, observed in the presence of TPA with phosphatidylserine may not have a causal relation with the free Ca 2+ concentration; that is, these enhancements may not have a direct relation with calciumdependent phosphorylation of MLC^-The effect of TPA with phosphatidylserine on the relation between the tension and phosphorylation of MLC20 was consistent with that of phorbol 12,13-didecanoate in the skinned porcine carotid artery. 8 There is evidence that factors other than, or in addition to, myosin phosphorylation are involved in regulating the shortening velocity. Siegman et al 2 suggested that in addition to the myosin phosphorylation dependent mechanism, the cycling rate of the phosphorylated cross-bridges may also be directly regulated by Ca 2+ in intact rabbit taenia coli. Haeslip and Chacko 28 noted the potentiating effect of Ca 2+ on actomyosin ATPase activity of phosphorylated gizzard myosin. Paul et al 12 found a small but statistically significant Ca 2+ dependence of V^ after exposure of skinned taenia coli to ATP-y S. Therefore, actions of Ca 2+ other than myosin phosphorylationdependent mechanisms cannot be excluded from processes which regulate V,^ in the presence or absence of a protein kinase C activator.
Other workers found that protein kinase C phosphorylates MLCzo at a different site from that phosphorylated by MLC-kinase and that it inhibits the actin-activated ATPase in heavy meromyosin or in intact myosin purified from avian smooth muscle. 9 -29 Therefore, the direct phosphorylation of MLC M by protein kinase C should decrease both V,^ and the contraction force provoked by Ca 2+ . Indeed, the 10 j*M-Ca 2+ -induced contraction was inhibited by protein kinase C with PS, 710 but not in the case of low concentrations of Ca 2+ (below 0.5 ^.M). In the rabbit mesenteric artery, TPA with PS inhibited the acetylcholine-induced contraction due to inhibition of synthesis of inositol 1,4,5-trisphosphate and reductions in the free Ca 2+ in the cytosol as estimated using fura 2-AM, despite of marked increase in the calcium sensitivity of contractile proteins.
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Protein kinase C has a broad substrate specificity and phosphorylates several proteins thought to have important roles in smooth muscle contraction. 5 -30 The sites of TPA (protein kinase C) action on the smooth muscle remains to be clarified.
In conclusion, Ca 2+ regulates the contraction and V^ primarily because of the activation of a myosin phosphorylation-dependent mechanism in smooth muscle tissues of the rabbit mesenteric artery. However, as estimated from the actions of TPA with phosphatidylserine, the V^ and contraction force (tension) may also be regulated by mechanisms other than a myosin phosphorylation-dependent one.
